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A New Prognostic Staging System for Rectal Cancer

Hideki Ueno, MD,* Ashley B. Price, FRCPath,† Kay H. Wilkinson, BM, BCh,‡
Jeremy R. Jass, MD, DSc,§ Hidetaka Mochizuki, MD,* and Ian C. Talbot, MD�

Objective: To clarify the appropriateness of tumor “budding,” a
quantifiable histologic variable, as 1 parameter in the construction of
a new prognostic grading system for rectal cancer.
Summary Background Data: Patient division according to an
accurate prognostic prediction could enhance the effectiveness of
postoperative adjuvant therapy and follow-up.
Patients and Methods: Tumor budding was defined as an isolated
cancer cell or a cluster composed of fewer than 5 cells in the
invasive frontal region, and was divided into 2 grades based on its
number within a microscopic field of �250. We analyzed 2 discrete
cohorts comprising 638 and 476 patients undergoing potentially
curative surgery.
Results: In the first cohort, high-grade budding (10 or more foci in
a field) was observed in 30% of patients and was significantly
associated with a lower 5-year survival rate (41%) than low-grade
budding (84%). Similarly, in the second cohort, the 5-year survival
rate was 43% in high-grade budding patients and 83% in low-grade
budding patients. In both cohorts, multivariate analyses verified
budding to be an independent prognosticator, together with nodal
involvement and extramural spread. These 3 variables were given
weighted scores, and the score range was divided to provide 5
prognostic groups (97%; 86%; 61%; 39%; 17% 5-year survival).
The model was tested on the second cohort, and similar prognostic
results were obtained.
Conclusions: We propose that because of its relevance to prognosis
and its reproducibility, budding is an excellent parameter for use in
a grading system to provide a confident prediction of clinical
outcome.

(Ann Surg 2004;240: 832–839)

Dukes’s original classification was proposed more than 70
years ago.1,2 Since then, this classification for rectal

cancer, composed of the 2 parameters, tumor penetration
depth and nodal involvement, has been the most widely
employed prognostic classification for colorectal cancer, even
after some modifications3–6 such as the Astler-Coller’s clas-
sification7 and the UICC classification.8 However, the multi-
ple attempts to refine this system attest to its imperfec-
tion.9–12 One major flaw is that only a small proportion of
patients can be classified into either the excellent prognostic
group (Dukes A) or the poor prognostic group (Dukes C2).
Furthermore, the Dukes B group, or the UICC stage II group,
has proved to be a perplexingly broad category with respect
to patient-survival outcomes, primarily because it is difficult
for current routine techniques to exclude patients with occult
lymph node metastases from this category. Patient division
according to a more accurate prognostic prediction could
enhance the effectiveness of postoperative adjuvant therapy
and follow-up. Several alternative prognostic grading sys-
tems consisting of both clinical and pathologic prognostic
parameters, in addition to tumor depth and the nodal involve-
ment, have been proposed with the idea that the prediction of
clinical endpoints is improved by the use of multiple inde-
pendent variables.9,12–14 However, these grading systems
have not come into wide use, primarily because they include
parameters that fail to show satisfactory reproducibility, a
fundamental requirement for prognostic markers in routine
practice.15

Tumor “budding” is a pathologic characteristic that is
thought to correspond to the initial phase of tumor invasion11

and has been reported to be relevant to metastatic activi-
ty16–19 and prognostic outcome.11,20,21 Based on the premise
that this cancer-related feature could be quantifiable by a
method similar to that used with mitotic counts, an important
feature in distinguishing malignant from benign connective
tissue tumors,22 we devised criteria for its assessment. The
aims of the present study were to analyze a set of clinical and
pathologic variables in rectal cancer patients to identify the
variables having an independent effect upon cancer-associ-
ated mortality, and to estimate the appropriateness of tumor
budding as one variable in the construction of a new prog-
nostic classification. To verify the results, we performed the
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same analytical procedures in 2 separate patient data sets at
St. Mark’s Hospital. Both sets comprised patients who un-
derwent potentially curative surgery and had been followed
up for a long period.

MATERIALS AND METHODS

Patients
A total of 638 rectal cancer patients who underwent

complete surgical resection of their tumors between 1960 and
1969 at St. Mark’s Hospital formed the first data set. This
data set was that used for the previous prognostic study from
which Jass’s prognostic classification was established.9 These
tumors were located in the lower rectum in 174 cases, in the
middle rectum in 173 cases, in the upper rectum in 241 cases,
and in the rectosigmoid in 50 cases. These patients did not
include those with synchronous cancers or cancers compli-
cating familial adenomatous polyposis or inflammatory
bowel disease. There were 401 males and 237 females with
an average age at the time of surgery of 61.1 (range: 26–89).
A second data set consisted of 476 rectal cancer patients who
were operated on between 1970 and 1980 at St. Mark’s
Hospital. The tumor locations of these patients were as
follows: the lower rectum in 138 cases, the middle rectum in
142 cases, the upper rectum in 155 cases, and the rectosig-
moid in 41 cases. The average age at operation was 62.9
(range: 23–97). The collection of survival data in the second
data set was performed by one of the authors (KW) after the
pathologic review.

For these tumors, the morphologic features of known
prognostic importance such as the tumor diameter, tumor
type, differentiation, extent of local spread, and extramural
venous invasion had previously been recorded in the patho-
logic reports. All patients selected were followed up for at
least 5 years (average: 140 months; range: 61–322 months) or
until death. It was exceptionally rare for adjuvant therapy to
be used at St. Mark’s in the 1960s and 1970s. It was only used
for patients with very advanced and barely operable tumors,
such cases not being among those in the present study. Only
deaths attributable to recurrent cancer were counted as events
in the process of establishing the prognostic grading system.

Definition of Tumor “Budding”
An isolated single cancer cell or a cluster composed of

fewer than 5 cancer cells, which were observed in the stroma
of the actively invasive region, was defined as a “budding”
focus (Fig. 1). Tumor budding was not counted in the field
where the tumor was fragmented because of the aggregation
of inflammatory cells or because of a technical artifact. After
overviewing all the slides containing tumors from each case,
a field where budding was the most intense was selected. The
number of budding foci was counted using a �25 microscope
objective, giving a final magnification of �250 (field diam-

eter 700 �m). A count of 0 to 9 per field was considered to
be low grade, and a count of 10 or more was regarded as high
grade based on the results of a previous study.21 A judgment
of budding in each case was made by one of the authors (HU),
whose intraobserver variation has been reported previously,21

with no information about patient prognostic outcome.

Statistical Analysis
The �2 test was used to check for the association

between categorical variables. Survival curves were drawn by
the Kaplan-Meier method, and their comparisons were ana-
lyzed by the log-rank test. After the process of categorization,
each variable was entered into a multivariate analysis by the
Cox stepwise regression model to determine which factors
had an independent effect on long-term survival.

RESULTS
Among the baseline clinicopathological characteristics

estimated (Table 1), tumor differentiation, extramural spread,

FIGURE 1. Histologic finding of tumor budding. An isolated
cancer cell or a small cluster composed of fewer than 5 cancer
cells (arrows) in the actively invasive region was defined as a
budding focus. Original magnification: �100
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the number of nodes involved, apical nodal involvement, and
extramural venous invasion were shown to be significant
prognostic features in both data sets.

The patient number decreased in proportion to the inten-
sity of tumor budding (Fig. 2). Tumor budding divided patients
into 2 groups with significantly different survival outcomes; ie,

TABLE 1. Baseline Clinicopathologic Characteristics and Their Relevance to Survival

First data set Second data set

Patient
Number

Prognosis
Patient
Number

Prognosis

Variables 5-yr Survival P value* 5-yr Survival P value*

Age
Less than 60 300 72.5 n.s 186 70.4 n.s
60 or more 338 68.9 290 67.3

Maximum diameter of tumor
Less than 5 cm 296 68.4 n.s 194 68.4 n.s
5 cm or more 342 72.8 282 68.8

Tumor type
Adenocarcinoma 568 72.1 .0258 441 68.8 0.0947
Others† 70 59.5 35 66.1

Tumor differentiation
Poorly differentiated 86 33.4 �.0001 81 33.5 �.0001
Others‡ 552 76.7 395 76.3

Extramural spread
Absent 170 91.0 �.0001 93 94.0 �.0001
Present 468 63.3 383 62.6

Number of nodes involved
0 385 85.4 �0.001§ 269 85.5 �.0001§

1–4 192 55.5 146 57.2
5 or more 61 26.7 61 23.3

Apical nodal involvement
Absent 610 73.1 �0.001 440 71.6 �.0001
Present 28 21.4 36 33.1

Extramural venous invasion
Absent 499 74.6 �0.001 366 75.7 �.0001
Present 139 56.9 110 44.6

*Log rank test.
†Mucinous carcinoma/signet-ring cell carcinoma.
‡Well/moderately differentiated.
§Comparison with any category

FIGURE 2. Patient distribution ac-
cording to the intensity of tumor
“budding.” Intensity of budding:
number of budding foci in a micro-
scopic field of �250 (field diameter
of 700 �m) where budding was the
most intensive
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5-year survival rates of patients with low-grade budding were
84.0% in the first data set and 82.5% in the second, whereas
those of patients with high-grade budding were 40.7% in the first
set and 42.8% in the second, respectively (Fig. 3).

According to the multivariate analysis in the first data
set, tumor budding was selected as a significant prognostic
parameter together with the number of nodes involved, ex-
tramural spread, apical nodal involvement, and tumor differ-
entiation (Table 2). In the second data set, tumor budding was
an independent prognosticator, and other prognostic factors
that influenced long-term survival were, in order of P value,
the number of nodes involved, tumor differentiation, extra-

mural venous invasion, extramural spread, and apical nodal
involvement (Table 2).

Among the parameters selected as independent in both
multivariate analyses, the number of patients classified into
an unfavorable group was relatively few in terms of tumor
differentiation (the rate of poor differentiation: 13.5% in the
first data set and 17.1% in the second) and apical nodal
involvement (4.4% in the first data set and 7.6% in the
second). In contrast, the high-grade budding group included
30.1% and 35.1% of patients in the first and second data sets,
respectively. When dividing patients into 2 groups based on
the intensity of tumor budding, a significant survival differ-

FIGURE 3. Kaplan-Meier estimates of cancer-specific survival based on the intensity of tumor “budding.” P value � 0.0001 (both
data sets)

TABLE 2. Stepwise Regression With Survival Outcome as the Dependent Variable

Variables Selected Coefficient SE �2 HR (95% CI) P Value

First data set
Number of nodes involved 0.64 0.11 33.18 1.89 (1.52–2.35) �0.0001
Tumor “budding” 0.79 0.16 25.64 2.21 (1.63–3.01) �0.0001
Extramural spread 1.01 0.25 16.68 2.74 (1.69–4.44) �0.0001
Tumor differentiation 0.54 0.17 10.10 1.71 (1.23–2.39) 0.0015
Apical nodal involvement 0.71 0.23 9.89 2.04 (1.31–3.18) 0.0017

Second data set
Tumor “budding” 0.85 0.19 20.36 2.35 (1.62–3.41) �0.0001
Number of nodes involved 0.54 0.13 18.09 1.71 (1.33–2.19) �0.0001
Tumor differentiation 0.62 0.19 10.58 1.87 (1.28–2.72) 0.0011
Extramural venous invasion 0.51 0.17 8.78 1.66 (1.19–2.33) 0.0030
Extramural spread 1.13 0.40 8.04 3.10 (1.42–6.76) 0.0046
Apical nodal involvement 0.54 0.24 5.06 1.72 (1.07–2.76) 0.0244

Variables and categories analyzed: age ��60 � 0; � 60 � 1�, diameter of tumor ��5 cm � 0; �5 cm � 1�, tumor type
�adenocarcinoma � 0; others � 1�, tumor differentiation �poor � 1; others � 0�, extramural spread �absent � 0; present � 1�,
number of involved nodes �0 � 0; 1–4 � 1; �5 � 2�, apical nodal involvement �absent � 0; present � 1�, extramural venous
invasion �absent � 0; present � 1�, tumor “budding” �low-grade � 0; high-grade � 1�
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ence was observed according to whether the patients had a
tumor confined to the rectal wall or whether it penetrated the
muscularis propria (Fig. 4). In the same way, tumor budding
influenced the long-term survival outcome regardless of the
number of nodes involved (Fig. 4). No significant survival
difference was observed between UICC stage II patients
(5-year survival rate, 80.2%) and UICC stage I patients with
high-grade budding (80.0%). In addition, high-grade budding
reduced the survival probability of UICC stage II patients
(5-year survival rate, 59.4%) to the same level as that of
UICC stage III(N1) patients (58.0%) (Fig. 5).

Based on these results, 3 pathologic variables, ie, tumor
budding, the number of nodes involved, and extramural
spread, were the most accurate parameters of prognosis. The

FIGURE 6. Scoring system for pathologic variables to make a
prognostic grading system.

FIGURE 4. Correlation between tumor budding and extramu-
ral spread and nodal involvement in terms of their influence on
postoperative survival (both data sets combined). * P �
0.0001, **P � 0.0058

FIGURE 5. Survival impact of high-grade budding on the UICC
(TNM) classification (both data sets combined). Stage II versus
Stage I �high-grade budding�: P � 0.94; Stage III(N1) versus Stage
II �high-grade budding�: P � 0.98; Stage III(N2) versus Stage
III(N1) �high-grade budding�: P � 0.018
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simplified scoring system for these 3 variables that was
developed based on the results of above multivariate analy-
ses,9 with the derived prognostic groups (group 0 to group 4),
is illustrated in Figure 6. Scores were assigned to categories
consistent with their regression coefficients in 2 patient co-
horts. In the first data set, group 0 comprised 19.6% of the
patients with a 97.3% 5-year survival rate. Group 1 com-
prised a further 35.7% of patients with an 86.3% 5-year

survival rate; 23.2% of patients belonged to group 2 and had
a 60.5% 5-year survival rate; and 15.4% of patients were in
group 3 with a 38.5% 5-year survival rate. The remaining
6.1% of patients were placed in group 4 with only a 17.3%
survival rate at 5 years (Fig. 7). When the scoring system was
applied to the second data set, similar survival results were
obtained (Fig. 7). Details of the survival figures for the 2 data
sets are presented in Table 3.

TABLE 3. Survival Figures for Prognostic Groups

Group No.

Prognosis Survival Rate

Cancer Deaths Alive Noncancer Deaths Dead: Cause Unknown 5-yr 10-yr

First data set
Group 0 125 (19.6%) 5 63 49 8 97.3 95.2
Group 1 228 (35.7%) 42 96 73 17 86.3 80.4
Group 2 148 (23.2%) 65 38 33 12 60.5 52.5
Group 3 98 (15.4%) 64 14 14 6 38.5 30.1
Group 4 39 (6.1%) 31 1 5 2 17.3 17.3

Total 638 207 212 174 45
Second data set

Group 0 69 (14.5%) 2 44 17 6 98.4 95.6
Group 1 163 (34.2%) 28 87 36 12 85.3 78.8
Group 2 122 (25.6%) 40 51 23 8 68.8 62.9
Group 3 77 (16.2%) 48 16 8 5 37.1 30.4
Group 4 45 (9.5%) 39 5 1 0 18.2 11.4

Total 476 157 203 85 31

FIGURE 7. Kaplan-Meier estimates of cancer-specific survival with the prognostic grading system. First data set: gr.0 versus gr.1:
P � 0.0001; gr.1 versus gr.2: P � 0.0001; gr.2 versus gr.3: P � 0.0005; gr.3 versus gr.4: P � 0.0021. Second: gr.0 versus gr.1:
P � 0.0027; gr.1 versus gr.2: P � 0.0013; gr.2 versus gr. 3: P � 0.0001; gr.3 versus gr.4: P � 0.0023
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DISCUSSION
The present results reconfirm that both the depth of

tumor penetration and lymph node involvement are important
prognostic indicators, as has been demonstrated previous-
ly.9,13,23 Additionally, tumor budding was identified as an-
other independent prognostic indicator that can improve the
erroneous staging of advanced disease as early-stage disease,
possibly because of occult micrometastasis; ie, 9% of UICC
stage I patients and 22% of stage II patients were demon-
strated to be upstaged by estimating tumor budding by the
present standards.

De-differentiation and dissociation of cancer cells has
been reported to be the first event of invasion and metastasis
in experimental studies.24 Tumor budding is a morphologic
expression of this event,11 detectable in both surgical speci-
mens and biopsy specimens.16,19 With regard to molecular
background, budding has recently been demonstrated to be
relevant to cell-to-cell or cell-to-extracellular matrix interac-
tions through regulation of Laminin-5,25,26 CD44,27 and syn-
decan-1 protein,28 and has also been demonstrated to be
associated with carbonic anhydrase, a marker of mucosal
differentiation.29 There is a strong connection between tumor
budding and extramesorectal spread of rectal cancer,19 and
furthermore, budding is highly relevant to the process of
metastasis, as confirmed by its impact on survival not only in
rectal cancer patients, but also in colon cancer patients11 or in
patients with colorectal liver metastases.20 Venous invasion,
which is an essential event in the process of metastasis, has
often been reported to be a valuable prognostic indicator,14,30

although this study has shown that tumor budding exceeds
extramural vessel invasion as an independent prognosticator.
It may be that venous invasion becomes evident later than the
events of de-differentiation and dissociation.

Using a computer-assisted multivariate statistical anal-
ysis, Jass et al have established a prognostic staging system
utilizing 4 pathologic parameters: tumor depth, nodal in-
volvement, peritumoral lymphocytic infiltration, and tumor
growth pattern.9 Compared with the Dukes’ classification,
Jass’s staging system is superior in that it can place twice as
many patients into groups that provide a confident prediction
of clinical outcome (ie, the most favorable and the worst
prognostic categories).9 However, it has been pointed out that
the prognostic value of Jass’s staging system is not well
reproduced in other patient cohorts,12,31 and the judgment
reproducibility of observed lymphocytic infiltration and
growth patterns is less than optimal in routine practice.12,31,32

On the other hand, the impact of tumor budding intensity, and
furthermore, the staging system using tumor depth, nodal
involvement, and budding with regard to postoperative long-
term survival observed in the first data set of the present study
was closely reproduced in the second. Our preliminary study
to assess the degree of interobserver variations using 50

randomly selected cases (the average number of slides exam-
ined was 4.2 per each case) by 3 observers (HU, ICT, and
ABP; for the latter 2 observers, this was the first occasion to
estimate budding, and prior to the study, the concept of
budding was briefly explained) showed kappa values of
0.58–0.71 (observed agreement, 0.82–0.88). These figures
are better than reported analogous figures on growth pattern
(0.41–0.61) and lymphocyte infiltration (0.05–0.57),31,33 al-
though there is apparently room for improvement through the
provision of appropriate guidelines, more opportunities for
discussion of common concepts, the process of identifying
where disagreements arise, or modifications of criteria (eg,
should judgment be based on 1 field where budding is the
most intense21 or be based on the average count using several
fields16). Because tumor budding could be a semiquantified
parameter, similar to the mitotic index, it is thought to be
promising that this parameter would improve on the observer
variations inherent in current grading schemes using subjec-
tive components.

We used neither apical nodal involvement nor tumor
differentiation as parameters of the grading system, even
though these features were selected as independent prognos-
ticators by multivariate analysis. One reason for this exclu-
sion was that the proportion of cases with apical nodal
involvement or with poor differentiation is not generally large
(6% and 15% in our combined data sets), and that these
parameters would be unlikely to significantly improve the
prognostic model. Another reason was that apical nodal
involvement is affected by the surgical method, ie, the extent
of dissection. A treatment-related parameter such as apical
nodal involvement provides useful prognostic information
more as a measure of the adequacy of resection than as an
assessment of the biologic nature of the tumor. Apical nodal
involvement is rare when high ligation of the inferior mes-
enteric artery has been achieved. This kind of argument might
also be applied to other surgery-related parameters, including
involvement of the circumferential surgical margin, which
has been reported to be an important factor in local recur-
rence.34–36 With regard to tumor differentiation, a long-
established pathologic characteristic,37 the problem of ob-
server reproducibility remains.31,38

Theoretically, as the number of independent parameters
in a prognostic classification increases, the prediction of
survival improves in precision. However, assuming that the
simplicity of assessment and the reproducibility of outcome
are important, it is clear that the depth of penetration and
nodal involvement remain gold standards as prognostic pa-
rameters. We propose that tumor budding be added to these 2
parameters in routine practice. A grading system using the 3
parameters provides a wider spectrum of 5-year survival rates
(18–98%) compared with conventional systems such as
Dukes (28–96%), Astler-Coller (45–95%), and the UICC
classification (30–96%) in the 1114 patients from the com-
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bined data sets. Therefore, patient selection can be performed
efficiently both for postoperative adjuvant therapy and inten-
sive follow-up examinations. A “phase III” study,39 ie, pro-
spective evaluation of the prognostic criteria using a large
number of cases, in the form of multicenter trials, would
confirm the clinical utility of tumor budding and the new
prognostic classification that is now based entirely on patient
cohorts at St. Mark’s Hospital.
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